Background: The associations between socioeconomic statuses and survival outcomes of breast cancer remain unclear. No model has included both histological and socioeconomic factors to predict the survival of breast cancer. This study was designed to develop nomograms to predict breast cancer-specific survival (BCSS) and overall survival (OS) with consideration of socioeconomic factors for breast cancer patients. Materials and methods: We included a total of 207 749 female patients, diagnosed with malignant breast cancer between 2007 and 2012 from the Surveillance, Epidemiology, and End Results database. BCSS and OS were evaluated with Gray's test and log-rank tests, respectively. Marital statuses, insurance statuses, residence, median household income, poverty rate, unemployment rate, and education level were included as socioeconomic factors in univariate and multivariate Cox regression analyses. Clinicopathological factors and socioeconomic factors were integrated to construct nomograms. Calibration plots and concordance indexes (C-indexes) were used to evaluate the accuracy and discrimination of the models. Results: Four and three socioeconomic factors were involved in constructing the nomograms for 3-, 5-, and 7-year BCSS and OS, respectively. The C-indexes of the final nomograms were higher than those of the TNM staging system for predicting BCSS (0.835 vs 0.782; P < .001) and OS (0.773 vs 0.676; P < .001). The performance of the nomograms for predicting OS was significantly lower when excluding socioeconomic factors (P < .001). Conclusion: These findings may highlight the importance of developing healthrelated policies and the necessity of targeted social support-based interventions for high-risk patients. K E Y W O R D S breast cancer, nomogram, SEER, socioeconomic, survival | 1923 JI et al.
| BACKGROUND
Breast cancer is a major public health concern for women worldwide. Up to 1 in 8 American women develop breast cancer during their lifetimes. 1 However, due to genetic differences, healthcare conditions, environmental factors, and other reasons, the regional differences in the incidence and mortality of breast cancer are profound. In 2018, California ranked first among the states, with approximately 29 360 new cases, while Wyoming, ranking at the bottom, reported only 450. 2 The death rates of breast cancer varied from 15.9 to 28.9 per 100 000 individuals in different states of the United States. In addition, racial disparity is obvious. From 2005 to 2014, despite a slight increase in the incidence among the whole population, Asian/Pacific Islander women showed an increased risk of 1.7% per year, Hispanic and black women showed an increased risk from 0.3% to 0.4% per year, and non-Hispanic whites and American Indians/Alaska natives showed a stable trend in incidence. 1, 2 Although the emergence of new drugs, early detection methods, and effective therapeutic modalities have prolonged the survival of breast cancer, regional and racial disparities are persistent. Deaths caused by breast cancer are continuously increasing in less developed regions, such as South America and Africa, partly due to limited access to healthcare. When comparing the survival of patients among different races, gaps were persistent and documented, especially in the United States, and black patients had the worst survival for all cancer types. 3 In addition to race, socioeconomic status, which comprises insurance status, marital status, income level, education level, employment status, and other factors, was reported to have various impacts on the survival of breast cancer by affecting the stage at diagnosis and treatment compliance and adherence. [3] [4] [5] [6] [7] [8] [9] Recently, more attention has focused on the socioeconomic determinants of breast cancer survival. Aizer et al showed that the survival benefit associated with marriage for breast cancer patients was even greater than for chemotherapy and that married patients were less likely to develop metastatic disease. 10, 11 Insurance has been proven to affect the stage at diagnosis, chemotherapy initiation, adjuvant endocrine therapy adherence, and survival of breast cancer. 3, 12 Although mammogram and ultrasonography are helpful in the early diagnosis of breast cancer, the popularity of screening programs largely depends on the income level and health system of a country. 12 A person's place of residence, that is, metropolis or non-metropolis, affects their access to screening and medical resources, while educational level has an impact on cancer awareness and adherence to treatment. 13 However, the results of studies from different areas or different populations were not in conformity due to the complexity of socioeconomic factors. Moreover, to date, no such study constructed a survival model that includes simplified socioeconomic factors to predict the outcomes of early breast cancer. Therefore, the objective of our study was to identify the association between socioeconomic factors and survival of breast cancer among populations from 18 registries of the Surveillance, Epidemiology, and End Results (SEER) database. Furthermore, we aimed to construct a nomogram including both histology and socioeconomic factors to predict survival, which can more comprehensively improve the accuracy of predicting outcomes.
| MATERIAL AND METHODS

| Study population
We extracted data from the SEER 18 registries research database (1975-2016) of the National Cancer Institute, which consists of 18 population-based cancer registries and represents approximately 28% of the total population in the United States. Eligible patients were identified through SEER*Stat Version 8.3.6 (http://www.seer.cancer.gov/seerstat). 14 We included female patients aged 18 years or older at the time of their breast cancer diagnosis between 2007 and 2012. The included patients were diagnosed before death and had histologically confirmed disease. Patients diagnosed before 2007 were not included because insurance status was not recorded in the SEER database until 2007. All variables included in the analysis had a reporting rate greater than 90%. Ineligible cases were excluded according to the following criteria: (a) prior malignancy; (b) bilateral breast cancer; (c) grade IV breast cancer; and (d) unknown or missing information on important variables, such as race, histological grade, tumor size, number of positive lymph nodes, metastasis, estrogen receptor (ER) status, progesterone receptor (PR) status, specific surgical treatment, marital status, insurance status, and survival information. After the exclusion criteria were applied, 207 749 women were eventually eligible for analysis. The flowchart of the data selection procedure is shown in Figure S1 .
| Socioeconomic factors and outcomes
Socioeconomic factors, including marital status, insurance status, residence, median household income, poverty rate, unemployment rate, and education level, were assessed in this study. The first two variables were determined at the patient level. Marital status was classified as married, single (never married), and separated/divorced/widowed, while insurance status was characterized as non-Medicaid insured (including Medicare, military coverage, or private payers), Medicaid, and uninsured. Patients with both Medicaid and Medicare are coded as Medicaid in the SEER database and were treated as such in this analysis. Estimates of the other five types of socioeconomic status were performed at the county level and obtained from the US Census 2013-2017 American Community Survey 5-year data files, which were provided through the SEER*Stat software. 15 The poverty rate was determined as the percentage of persons living below the poverty line. Education level reported the percentage of patients aged ≥25 years with at least a high school diploma. Residence was classified as a metro or nonmetro area according to the Rural-Urban Continuum Code 2013. Median household income, poverty rate, unemployment rate, and education level were converted into categorical variables according to the interquartile ranges.
The outcomes of this study were breast cancer-specific survival (BCSS) and overall survival (OS). Breast cancer-specific survival was measured as the time from the date of diagnosis to the date of death attributed to breast cancer, date of last follow-up, or December 31, 2016. Deaths caused by other factors were viewed as competing risks. The cumulative incidence function (CIF) was used to evaluate the likelihood of death. Gray's test was applied to find the difference in CIF among groups. 15 The competing risks model was built based on the subdistribution analysis of competing risks. 16 In the Cox regression model analyzing disease-specific regression, patients who died from reasons other than breast cancer were defined as censored at the date of the last follow-up. Overall survival was calculated as the time from the breast cancer diagnosis to death due to any cause, the date of last follow-up, or December 31, 2016.
| Construction of the nomograms
We determined the univariate prognostic factors of BCSS and OS using the Gray's test and log-rank tests, respectively. 17 Variables with P < .05 were entered into the multivariable Cox proportional hazards model. The final model selection was determined using a backward stepdown selection process based on the Akaike information criterion. 18 The independent prognostic factors determined by the multivariate analysis were used to construct nomograms for BCSS and OS.
| Validation and calibration of the nomograms
The nomograms were subjected to 1000 bootstrap resamples for validation. The concordance index (C-index) was used to assess the discrimination performance of the nomograms. 19 The value of the C-index ranges from 0.5 to 1.0, with a higher c-index indicating a better capacity to separate patients with different survival outcomes. We utilized previously introduced methods to compare the C-index between two different models. 20 The TNM staging system in this study is determined as the model including tumor size, number of positive lymph nodes, and metastasis. Calibration represents the capacity of a model to make accurate estimates of outcome. The observed rates vs the nomogram-predicted probabilities of the models were used to construct calibration curves. In a well-calibrated model, the predictions are expected to fall on a 45° diagonal line.
| Statistical analysis
All statistical analyses were performed using R software, version 3.5.0 (http://www.r-proje ct.org) and SPSS software, version 22.0 (SPSS Inc). The R packages cmprsk 21 and rms 22 were used for modeling and developing the nomograms. The rcorrp.cens function in the R package Hmisc 23 was used for comparing the C-index between two nomograms. Two-sided P values less than .05 were considered statistically significant.
| RESULTS
| Characteristics of patients with different insurance statuses
We included 207 749 female patients who were diagnosed with malignant breast cancer during 2007-2012 and had their race, county of residence, marital status, and insurance status recorded in the SEER database ( Figure S1 ). The demographic and clinical characteristics of the cohort are summarized in Table 1 . In this cohort, 182 552 patients had non-Medicaid insurance, 21 935 had Medicaid coverage, and 3262 were uninsured when diagnosed with breast cancer. In the non-Medicaid insured cohort, non-Hispanic white patients accounted for 74.1%, which was higher than the percentage of the Medicaid (44.6%) and uninsured (46.0%) cohorts. Young patients who were uninsured or who had insurance through Medicaid accounted for 2.5-fold or 1.8-fold larger population, respectively, of being diagnosed with breast cancer compared with privately insured young patients; the fold change also appeared in the group aged 36-50, but tended to shrink. The marital status data indicated that there were 124 832 married patients (60.1%), 29 955 single patients (14.4%), and 52 962 (25.5%) patients who were separated, divorced, or widowed. We collected and analyzed county-level data of household income, poverty, employment, and education and found that non-Medicaid insured patients lived in counties with a higher median household income ($63 340), lower poverty rate (13.1%), higher education level (87.5%), and lower unemployment rate (6.9%). More patients in the non-Medicaid insured group are white, married, and living in a metro area. Medicaid patients seemed to reside in counties with lower median household income ($61 020, P < .001), higher poverty rates (16.7%, P < .001), higher unemployment rates (7.6%, P < .001), and lower education levels (87.4%, P < .001). 
| Impacts of age at diagnosis on survival in the uninsured, medicaid, and privately insured groups
The median follow-up of our identified cohort was 74 months. In all age groups, BCSS and OS of non-Medicaid insured patients were better than uninsured patients and patients in Medicaid, except for the patients older than 65 years old (P < .001; Figure 1 ; Figure S2 ). There were no significant differences in BCSS between the Medicaid and uninsured cohorts. For patients aged 50-64 years and older than 65 years at diagnosis, patients with Medicaid were associated with a worse OS than uninsured patients (P < .01; Figure S2C ,D).
| Influence of socioeconomic factors on patient outcomes
All the socioeconomic factors included in this study were confirmed to have significance for BCSS and OS through univariate analysis (Tables S1 and S2, respectively). The results of multivariate Cox regression models were shown in 
| Construction and validation of nomograms for BCSS and OS
Nomograms including significant prognostic variables for BCSS and OS of breast cancer patients at 3-, 5-, and 7-years are presented in Figure 2A ,B. Points in the nomograms are assigned based on the hierarchy of effects on survival and point assignment was listed in Table S3 . The highest points are assigned to the number of positive lymph nodes in the nomogram for both BCSS and OS. Although histological variables and surgical procedures shared the largest contribution to the prognosis, socioeconomic variables, such as insurance status and marital status, moderately impacted the prognosis, while the level of median household income and education level played minor roles (Figure 2A,B) . Calibration plots revealed high consistency between predicted and actual observed 3-, 5-, and 7-year BCSS and OS for breast cancer patients ( Figure 2C,D) . The C-indexes for the final nomograms for BCSS and OS were higher than those for the TNM staging system (0.835 vs 0.782, P < .001; 0.773 vs 0.676, P < .001, respectively; Table 3 ). A lower C-index was generated by the nomogram of OS, which excluded all socioeconomic factors: marital status, insurance status, and level of median household income (0.773 vs 0.766, P < .001; Table 3 ).
To improve the usability of these nomograms and the ability for doctors or patients to easily obtain results quickly and accurately, we transferred the data and formulas into a user-friendly website. Figure 3 shows a snapshot of web-based F I G U R E 1 Breast cancer-specific survival (BCSS) of patients who were (A) 18-35 y old, (B) 36-50 y old, (C) 50-65 y old, and (D) older than 65 y according to the insurance status at diagnosis. Among patients who were over 18 y old, BCSS was worse among Medicaid or uninsured patients vs those who were Non-Medicaid insured (P < .001) except for the patients who were older than 65 y. Among patients who were older than 65 y, there was no significant difference in survival between patients with Non-Medicaid insurance or without insurance negative and PR negative. The patient also received chemotherapy and radiation. When we used the website to predict this woman's survival, we could find that the predicting results showed in the upper right corner that 3-, 5-, 7-year BCSS rates were 0.97, 0.95, and 0.94, respectively, and 3-, 5-, 7-year OS rates were 0.97, 0.94, and 0.91, respectively (Figure 3 ).
| DISCUSSION
Unlike other causes of death, the morbidity and mortality of breast cancer show positive correlations with socioeconomic factors and vary substantially across countries and, with each county, are associated with the economic development, social factors, and lifestyles. 7, 8, 12, 13, [24] [25] [26] [27] [28] A large number of population-based retrospective studies have been conducted in many areas aimed to explore the association between breast cancer survival and socioeconomic factors. 7, 8, 13, 26, 27, [29] [30] [31] To the best of our knowledge, this is the first attempt to develop web-based nomograms that include socioeconomic factors for predicting BCSS and OS of patients with breast cancer. The user-friendly website also provided convenience for using our models and obtaining more accurate results. Our cohort was obtained from the SEER database and had a large sample size and wide distribution, which bolstered its representation of individuals with breast cancer. Through univariate analysis and subsequent multivariate analysis, we identified 16 and 15 variables including demographic, clinical, pathological, and socioeconomic factors as independent prognostic factors of BCSS and OS, respectively. In our study, marital status and insurance status were individual socioeconomic factors, whereas median household income level and educational level were area-specific socioeconomic factors. Hence, only 15 questions were selected for our online prognostic tool (Figure 3 ), whereas the influence of two area-level factors could be decided by the last question: county of residence. In this way, we could balance the credibility and simplicity of our models and avoid tedious evaluations of individual information. We also included place of residence, county-level poverty rate, and unemployment rate, but these variables did not appear to significantly influence survival after the correction of confounders.
Survival inequality caused by socioeconomic factors, namely, insurance, marriage, income, region, and education, has been well documented for many cancer types in the literature. 2, 10, 32, 33 Obviously, insurance directly effects patients' access to healthcare, either via screening for early diseases or persisting to the conclusion of treatments. 33 Although marriage seems to be a more protective factor for males than for females, our results were in alignment with previous studies that married women have more favorable survival. 10, 11, 25 Investments in the healthcare system and cancer treatment largely depend on the economic power of a country or a state, which is closely correlated with medical level and inclusion in universal health coverage. 34 Different states have an uneven distribution of medical resources and different policies concerning breast cancer screening in women, leading to regional disparities in early diagnosis and use of effective treatments. The educational level of women impacts their opinions toward mammogram screening and concerns after a cancer diagnosis. 5 In many states in the United States, surgeries and adjuvant systemic treatments of breast cancer are fully reimbursed by all types of health insurance. Among newly diagnosed breast cancer in 18 SEER registries, insurance status showed effects on stages at diagnosis, whereas young patients showed different proportions when populations were grouped by insurance status (Table 1 ). In addition to the effects on diagnosis, uninsured or Medicaid-insured statuses were indicated as unfavorable factors for BCSS and OS compared with privately insured patients among all age groups, which was consistent with a previous population-based study ( Figure  1 ). 35 According to our data, uninsured patients were more likely to "die by breast cancer", with 7.6% 3-year and 12.2% 5-year cumulative incidences of death resulting from breast cancer, whereas the 3-and 5-year cumulative incidences of death resulting from other reasons were 1.6% and 3.1%, respectively (Table S1 ). There are various types of insurance in the United States, including private insurance through employers or directly purchased and Medicaid or Medicare insurance provided by the government, but some people still lack any coverage, especially young adults. In 2016, while the percentage of uninsured people was 8.8% of the population in the United States, the peak uninsured rate occurred in young adults aged 26-34 (15.7%), followed by the population aged 19-25 (13.1%). 36 Since the Patient Protection and Affordable Care Act (ACA) passed in 2010, under policies of the ACA, young people under age 26 can remain on their parents' insurance plan, which resulted in a rise in health coverage of young Nomogram and calibration plots for BCSS (A, C). Nomogram and calibration plots for overall survival (OS) (B, D). Points of each variable can be estimated by drawing an upward vertical straight line from the variable value of the patient to the axis at the top flagged as "Points." A vertical straights line is draw downward from sum of all variable values on the axis of "Total points" to calculate 3-, 5-, and 7-y BCSS or OS. In calibration plots, actual survival is plotted on the vertical axis and predicted survival is plotted on the horizontal. Dotted grey line represents the ideal calibration model in which the predict survival is identical to the actual survival. Vertical bars represent 95% confidence intervals. BCS, breast conserving surgery; ER, estrogen receptor; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; NHA, Non-Hispanic Asian or Pacific Islander and American Indian/Alaska Native; NHB, Non-Hispanic Black; NHW, Non-Hispanic White; PR, progesterone receptor people aged 19-26. 36 However, people between the ages of 26 and 34, who are students or at the beginning of their careers, need more support for insurance coverage, and these demands affect not only breast cancer but also other cancers and hematologic malignancies, as shown in several previous studies. 29, 37, 38 The delays in diagnosis and treatments related to insurance, which may contribute to a poor prognosis, breast cancer in younger patients intrinsically exhibits more aggressive biological behaviors. 24 In addition, the preservation of fertility for young patients also leads to greater medical expenses, and expenses associated with long-term follow-up can also limit adherence. The association between insurance status and breast cancer may not be generalizable to the entire world due to the diversity in the healthcare systems of different countries.
Marital status is an integral part of the socioeconomic status, and many lines of evidence suggest that it can affect the risk of breast cancer, acceptance of breast cancer screening, stage at diagnosis, and adherence to treatment, follow-up, and survival throughout one's lifetime. In a recent study of Palestinian people, women mentioned a series of barriers in preventing them from having a mammogram, such as shyness, fear of being diagnosed, being busy with children, and anxiety regarding marriage stability. 5 With respect to survival, our study showed that marriage was a protective factor in the treatment of cancers ( Table 2; Table S1 ), which was consistent with the conclusions of Aizer's study of the 10 most clinically significant cancers affecting Americans. 10 In our nomograms, marital status was weighted heavier than insurance status in the model of predicting the OS of breast cancer; conversely, insurance outweighed marital status in predicting BCSS (Figure 2) . A link between marital status and insurance status was that many people obtained health insurance through their spouse. According to the results of our analysis, the uninsured rate was highest among single patients, and the insured rate was highest among married patients from 2007 to 2012 (Table 1) , and based on data from 2016, the uninsured rate of separated people was also approximately 10 percentage points higher than that among people who were married. 35 Herein, marital status not only directly affected survival of patients with breast cancer but also indirectly affected survival through impacts on insurance status. After a diagnosis of breast cancer, depression and anxiety are common mentalities for most patients. Although some married patients can obtain support from their spouse, people who are single, separated, divorced, or widowed might have to face their situation alone, increasing the risk of nonadherence. Marriage is essentially a kind of social support, and psycho-oncology services are warranted to improve prognosis by reducing worries and isolation among all patients and their families, especially for single, separated, divorced, or widowed patients. 39 County-level assessments of median household income and education indirectly reflect individual levels, and 
T A B L E 3 Comparison of C-indexes
for the nomograms and TNM staging system in patients with breast cancer assessments at this level make sense because the county is the smallest geographic unit in policy legislations. In addition, county-level variables mainly embody socioeconomic inequalities between different areas. In these modern times, the behaviors and dietary habits that increase breast cancer incidence, such as less physical activity, radiation exposure, smoking habits, environmental pollution, and high-fat diets, are more common in residents of low-income areas than in residents of high-income areas. 40 Individual income level directly affects individual insurance status. According to the annual report on health insurance coverage in the United States, people with a higher household income level had a higher overall health insurance coverage rate than people with a lower household income level, and lower-income populations showed an increasing dependency on insurance coverage offered by the government. 35 County-level income represents the economic strength of the whole area. Weakness in financial strength may be related to fewer cancer screening programs, 41 later stage of diagnosis, 34 and lower likelihood of optimal treatment. 42 Education seemed to be a controversial factor in the occurrence, diagnosis, and survival of breast cancer. With the respect to morbidity, studies in the literature have indicated that greater education led to a higher risk of developing breast cancer in women. 26 In contrast, cervical cancer, similar to breast cancer as one of the most common cancers diagnosed in women, presented different patterns when exploring educational impacts on tumor incidence, and women who received more than 12 years of education had a sharp reduction in the occurrence of cervical cancer, which might be associated with differences in the pathogenesis of different cancers. 41 Higher education tends to be associated with less manual labor (fewer physical activities), stressful work, late age at first birth, and null parity, factors known to increase the incidence of breast cancer, whereas cervical cancer is largely caused by infection with human papillary virus, which might explain the difference between the impact of education on the incidence rates of these two cancers. 43, 44 Interestingly, while education level could modify the effect of psychological distress on accepting screening F I G U R E 3 Screenshot from the web-based nomograms, predicting 3-, 5-, and 7-y BCSS/OS of imaginary patient. The nomograms are available at predi ctbcos.shaws.cn:8888. According to information of a patient, choose the value of each variable and then press the "Calculate" button for colorectal and lung cancers, it did not exhibit this effect on breast cancer screening in countries with low cancer screening rates. 45 From the perspective of survival, our study supported education as a protective factor for BCSS and OS (Table 2) , which was consistent with results of previous studies in which women with high education levels had better survival than women with low education levels, which suggests that education helps women understand the benefits of conducting breast self-examination and accepting routine breast cancer screening programs, and it can improve patient access to effective treatments. 13, 26 However, the findings are not entirely in accordance with this point. A national study from Belgium reported that higher-educated women had higher mortality than women with less education among postmenopausal women, with no significant gap among premenopausal women. 44 The divergence of conclusions may be related to the different dimensions of the data; that is, we used county-and state-level metrics from SEER, and the study from Belgium used individual-level data. Additionally, the populations in different countries may have completely different socioeconomic environments; furthermore, individual education level is a very stable factor and can be identified in adolescence, but the education level of the patient's spouse can also be taken into consideration.
Our findings should be interpreted within SEER registry areas, and the online calculator we provided can only be applied for breast cancer patients in SEER registries. Although robust and population based, our research still has some limitations. The complexity of individual socioeconomic information and barriers in access to data limited us from including all factors related in our study, and our data were mainly obtained from the SEER database. In addition, the healthcare insurance system in the United States is very complicated. There are many different types of insurance, varying from state to state, and this study population predates the ACA; thus, how these changes would affect our findings is not known. Moreover, although we included data related to chemotherapy and radiotherapy for analysis, these treatment factors had some biases according to the SEER database. We also lacked access to some variables, such as HER2 status, Ki-67 positivity, dietary, behavior, and outof-pocket cancer treatment expenses, and therefore could not investigate their association with survival. Due to the emergence of endocrine therapies and targeted therapies, the mortality of breast cancer decreased by 40% from 1989 to 2016, 46, 47 but the data on adherence to these therapies cannot yet be acquired.
